Study Design. Retrospective study.
I
n the early 1970s, cervical laminoplasty was developed in Japan to resolve postoperative problems after conventional laminectomy for instability and deformity, which caused a recurrent myelopathy. This operative method has since undergone several modifications; these modifications were proposed in the 1980s. 1 Although there are two types of cervical laminoplasty, the expansive opendoor type 2 and double door by splitting spinous process type, 3 the concept of these procedures is almost the same. Laminoplasty is a posterior decompression surgery, which preserves the structural mechanics of the posterior element in the cervical spine. In many of the previous studies, longterm surgical outcomes of cervical laminoplasty were satisfactory in any of the modified methods. [4] [5] [6] [7] [8] [9] [10] As cervical laminoplasty yields favorable surgical outcomes, it has become the standard technique for patients with cervical compressive myelopathy due to multiple spinal stenosis caused by cervical spondylosis (CS) or ossification of the posterior longitudinal ligament (OPLL). 11, 12 The concept of cervical laminoplasty has been widely accepted, and it has spread not only in Japan, but also throughout the world. Our institute developed en bloc cervical laminoplasty in From the 1981. 13, 14 We have reported the long-term surgical outcomes of this procedure of more than 10 years. 10 The overall outcomes were satisfactory in the previous study; however, there was no follow-up report exceeding 20 years after cervical laminoplasty. We encountered several patients who developed postoperative problems after 10 years of follow-up. The purpose of the present study was to evaluate the clinical outcomes and to clarify the potential risks of cervical laminoplasty based on a long-term follow-up of more than 20 years, in an attempt to verify the validity of this surgical procedure in patients with cervical compressive myelopathy.
PATIENTS AND METHODS
Two hundred sixteen patients underwent en bloc cervical laminoplasty for the treatment of cervical compressive myelopathy due to CS or OPLL between 1981 and 1994 at our university hospital. One hundred forty-eight patients with a follow-up of more than 20 years were subjected in the present study. As for the survivors, there were 68 patients (45 men and 23 women) with an average age of 51.7 years at the time of the operation (range: 24-70 years). The cause of myelopathy was CS in 26 patients and OPLL in 42 patients. Clinical diagnosis was made by physical examination, plain radiography, computed tomography (CT), myelography, and magnetic resonance imaging. All patients presented with cervical myelopathy characterized by exaggerated tendon jerk in their extremities and spasticity due to multilevel spinal stenosis without radiculopathy when cervical laminoplasty was carried out. The average age at the last followup was 77.2 years (range: 45-95 yr). The average length of follow-up was 25.5 years with a range from 20 to 32 years. At the time of this study, 80 patients had already died. We were not able to contact the remaining 68 patients. Thus, the follow-up rate including the survivors and the dead patients was 68.5% (148/216). Demographic data of the patients during follow-up are shown in Figure 1 .
Operative Procedure
En bloc laminoplasty, as proposed by Ito and Tsuji, 13, 14 was used for the decompression of the spinal cord in all patients. The details of this procedure were previously reported. 10, 13, 14 The laminae were exposed from the caudal half of C2 to the cranial half of T1. Decompression of the spinal canal by en bloc laminoplasty was performed from C3 to C7 or T1. The levels of decompression were determined by imaging studies, including plain radiography, CT, myelography, and magnetic resonance imaging. The procedure was similar to open-door laminoplasty. One side of the laminae was opened and the other side served as the hinge. Bone grafts from dissected spinous processes were put in the opened laminae and fixed with braded wires or nylon threads. Bone grafts in the open gap were placed at 3 to 5 levels according to the cervical instability. Bone chips were also placed in the hinged side. Attention was paid not to destroy the bilateral facet joints. After decompressing the spinal cord, the paravertebral muscle and the nuchal ligament were sutured at the original portion. The patient was required to stay in bed for the first week after surgery and thereafter walking was allowed with a brace. An orthosis was used for up to 2 months after surgery and a neck collar was recommended for an additional month.
Clinical Evaluation
For the surviving patients, the postsurgical complaints were recorded. The neurological evaluation was graded using the scale devised by the Japanese Orthopaedic Association (JOA score). The rate of recovery, which indicates the degree of normalization after surgery, was calculated using the following formula:
ðpostop: score À preop: scoreÞ Â 100=½17ðfull scoreÞ À preop: score
In the patients who showed neurological deterioration of more than 2 points by JOA score during follow-up (the worsening group), the causes of deterioration were evaluated. The factors of neurological deterioration were compared between the worsening group and the nonworsening group. The postoperative complications related to the operation were evaluated. Major general complications, such as death, myocardial infarction, pulmonary thrombosis and organ failure related to the operation were assessed, and the existence of radicular pain and palsy were also assessed. Axial symptoms including postoperative neck pain was also checked by directly questioning the patient.
As for the dead patients by the final follow-up, the cause and age of death were reviewed by the medical record or by directly questioning the family members. The relation between the cause of death and the spinal cord lesion was analyzed.
Radiological Evaluation
Anteroposterior and lateral radiographs with neutral and flexion-extension stress views were obtained pre-and postoperatively using plain X-ray. CT was also used for the evaluation. Postsurgical change in the sagittal diameter of the spinal canal was analyzed. In the patients with OPLL, the diameter was considered to exclude the width of the ossified ligament. Postural anomalies of the cervical spine were defined in the lateral view in the neutral position as lordosis and kyphosis based on the angle between the lines passing through the lower margin of the C2 vertebral body and C6 or C7. The lordotic angle was represented as a positive value and the kyphotic angle, a negative value. The patients with an angle of greater than þ108 were classified as the lordotic group, those with an angle from þ98 to À98, the straight group, and those with less than À108, the kyphotic group. The ROM from C2 to C6 or C7 was evaluated. ROM of the cervical spine was measured by the change in the angle of C2 and C6 or C7 in flexion-extension stress views. The number of fused laminae was also examined. Bony fusion in the expanded laminae was evaluated by consolidation of the grafted sliver bone on neutral lateral radiographs or CT images taken at the last follow-up. In our previous study, radiological evaluation was carried out in 71 patients (24 CS and 47 OPLL patients) who were serially followed by radiographic study for more than 10 years after surgery. The previous data can be included here. The remaining radiographs were lost from the hospital.
Statistical Analysis
Data were presented as the mean value AE standard deviation. A t test with Welch correction was used for the statistical analysis of the difference in the mean age between the worsening group and the nonworsening group. Chi square test was used for the analysis of the incidence of additional spine surgery between the worsening group and the nonworsening group. The radiological parameters were compared between CS and OPLL using a t test with Welch correction. JMP version 9 software (SAS Institute Inc., Cary, NC) was used for the analysis and P < 0.05 was considered as statistically significant.
RESULTS

Clinical Evaluation
Survivors Sixty-eight patients were confirmed as survivors at the last follow-up. Three patients (two men with CS and one man with OPLL) refused to reply to the questions. Thus, the data were available in 65 patients. There were 24 patients (16 men and 9 women) with CS and 41 patients (27 men and 14 women) with OPLL ( Figure 1 ). The average preoperative JOA score was 9.5 AE 2.5 out of 17 points (range 6-15) in patients with CS and 9.3 AE 2.7 (range 4-17) in patients with OPLL. One patient with OPLL who had no neurological deficit preoperatively requested prophylactic surgery. The serial change of postoperative JOA score and the recovery rate in the surviving patients are shown in Table 1 . In the overall results, the JOA score in both CS and OPLL groups improved rapidly within a year and continued to improve until 5 years after surgery. The JOA score and recovery rate increased to 14.2 and 64.9%, respectively, at 5 years after surgery. The mean JOA score and recovery rate were maintained at 13.9 and 61.6% at 10 years. The JOA score was decreased to 11.4 at the last follow-up. The maximum score and recovery rate during follow-up were 14.3 and 67.8% in CS and 14.6 and 70.3% in OPLL. The average recovery rate at the last follow-up was 22.6 AE 69.1% in CS and 37.1 AE 56.7% in OPLL. There was no difference in postoperative JOA score and recovery rate between CS and OPLL.
In 32 out of 65 patients (49.2%), the JOA scores worsened during the follow-up period. This worsening group consisted of 11 patients (7 men and 4 women) with CS and 21 patients (12 men and 9 women) with OPLL. The average age of the patients with a worsened JOA score was older than that of the patients who did not show worsening. The incidence of additional spinal operations at other regions in the patients group who showed worsening of JOA score was higher than that in the non-worsening group (Table 2) . One patient with CS and nine patients with OPLL required spinal operations due to spinal stenosis at the cervical spine (four patients) (Figure 2A -I, case no. 3 in Table 3 ), at the thoracic spine (two patients) ( Figure 3A -G, case no. 2), and at the lumbar spine (four patients). The precise data in the patients who required the additional spinal operations are shown in Table 3 . The additional spine surgeries were carried out between 10 and 30 years after cervical laminoplasty. Disuse syndrome including dementia was found in 10 patients (four with CS and six with OPLL). Other reasons for the deterioration were cerebrovascular attack (two with CS), gait disturbance due to knee joint disease (two with CS and one with OPLL), and unknown (three with CS and four with OPLL). One patient with CS had lumbar decompression 17 years after cervical laminoplasty and the lumbar surgery was effective for the recovery (case no. 1); however, he experienced cerebral infarction 3 years after lumbar surgery. The remaining two patients who had a decompression surgery in the lumbar spine for the treatment of lumbar radiculopathy completely recovered after the additional surgery, and thus they were included in the nonworsening group.
There was no major general complication after laminoplasty. Although 11 patients (two with CS and nine with OPLL) (11/65, 17%) complained of axial neck pain at the last follow-up, these were not chief complaints, except for that in one patient with OPLL. Two patients with OPLL experienced postoperative radiculopathy in the unilateral upper extremity and required additional corpectomy and anterior interbody fusion. The anterior operation was effective in one patient, but the other patient still had radiculopathy.
Patients Who Died During Follow-up and the Lost Follow-up Patients
Regarding the 80 patients who died during follow-up, the mean age at death was 78.2 AE 8.6 years (range: 56-99 yr). There were 44 patients with CS (31 men and 13 women) and 36 patients with OPLL (30 men and 6 women). The mean period between surgery and death was 13.4 AE 7.4 years (range: 1-31 yr). The family members of five patients were unable to declare the exact year when the patient died. Twelve patients died within 5 years of surgery, 14 patients died between 6 and 10 years, 34 patients died between 11 and 20 years, and 15 patients died more than 21 years after surgery. No patient died from complications related to the operation. The most frequent cause of death was malignant tumor (23 cases) followed by ischemic heart disease (13 cases) and cerebral infarction (6 cases). There was no obvious relation between the cause of death and the spinal cord lesion. Table 4 indicated the time course of the JOA score and recovery rate of the dead patients and the lost follow-up patients.
Radiological Evaluation
In the current study, X-rays of the cervical spine at neutral position, flexion, and extension positions were taken in 31 surviving patients (7 with CS and 24 with OPLL) at more than 20 years after surgery. The data in another 17 surviving patients (7 with CS and 10 with OPLL) of X-rays of the cervical spine between 10 and 20 years after surgery were unavailable. Thus, radiological evaluation was carried out in a total of 48 patients using X-rays more than 10 years after cervical laminoplasty (Table 5 ). There were 14 patients with CS (10 males and 4 females) and 34 with OPLL (23 males and 11 females). The average age when the last X-rays was taken was 70.1 AE 11.4 years (range: 42-88 yr) in patients with CS and 72.9 AE 8.7 years (range: 54-94 yr) in patients with OPLL. The duration from preoperative Xray evaluation to the most recent X-P follow-up was 22.2 AE 5.4 years (range: 11-28 yr) in CS and 22.4 AE 6.8 years (range: 11-31 yr) in OPLL.
The average sagittal diameter of the spinal canal in the patients with CS was increased from 12.8 to 17.8 mm at the bone grafted level (C5) and from 13.8 to 18.1 mm at the nonbone grafted level (C6) at the last follow-up. In the patients with OPLL, it was also increased from 10.1 to 13.7 mm at the narrowest level. The recovery rate was, however, not related to the distance of the space available for the spinal cord. There was no patient with lamina closure during the follow-up period. The mean angle of cervical alignment in the neutral position was 15.7 AE 12.28 in the patients with CS and 11.0 AE 8.98 in the patients with OPLL, preoperatively. Cervical alignment became kyphotic after surgery. The mean angle was 6.9 AE 17.88 in CS and 3.3 AE 9.48 in OPLL at the last follow-up. The cervical alignment in patients with OPLL tended to become kyphotic compared to that in patients with CS, although there was no significant difference. Preoperatively, there were 31 patients (10 in CS and 21 in OPLL) in the lordotic group, 16 patients (4 in CS and 12 in OPLL) in the straight group, and 1 patient (OPLL) in the kyphotic group. Postoperatively, there were 12 patients (6 in CS and 6 in OPLL) in the lordotic group, 32 patients (6 in CS and 26 in OPLL) in the straight group, and 4 patients (2 in CS and 2 in OPLL) in the kyphotic group. No relation was found between pre-and postoperative cervical alignment and the recovery of JOA score after laminoplasty. The mean ROM of the cervical spine was 40.9 AE 16.08 in CS and 30.9 AE 16.68 in OPLL, preoperatively. The ROM decreased to 13.6 AE 10.98 in CS and 4.4 AE 5.78 in OPLL at the final follow-up. The postoperative ROM in OPLL was lower than that in CS (P ¼ 0.01). One of the causes of ROM reduction was postoperative interlaminar fusion, as the decrease in postoperative ROM was more marked in the Table 4 ). Spontaneous fusion occurred at 3 years after surgery. Cervical alignment was maintained postoperatively. Newly developed ossification was found at 28 years after surgery. She complained of neck pain and was revealed to have cervical myelopathy. Computed tomography (CT) showed that the ossified lesion extended from C2-3 laminae and spinal canal become narrow. Calcification of posterior longitudinal ligament was found at the level of C1. Magnetic resonance imaging (MRI) demonstrated cervical cord compression at the levels of C1 and C2/3. She had C1-3 laminectomy 30 years after cervical laminoplasty. Her symptoms were relieved after C1-3 laminectomy. A, Preoperative X-ray of the cervical spine. patients with longer laminar fusion. The number of fused laminae was 3.0 AE 1.4 in CS and 4.0 AE 1.1 in OPLL postoperatively. The number of fused laminae was higher in OPLL than that in CS (P ¼ 0.03).
DISCUSSION
Our method of cervical laminoplasty, en bloc laminoplasty, which is an open-door type, has been used in patients with compressive cervical myelopathy due to CS and OPLL since 1981. 13, 14 There have been some small modifications, such as the use of artificial bone at the open gap without a bone graft at the hinge side, but the concept of the procedure is the same as in the original method. In our previous article, we stated that cervical laminoplasty was a safe procedure to perform and the satisfactory results were maintained for more than 10 years after surgery. 10 We continued to followup the patients and obtained new information through longterm follow-up of more than 20 years. Although it is very difficult to show the surgical results in the same operation method for more than 20 years in clinical practice, it was possible to continue the follow-up in our patients' series. There have been several articles regarding relatively longterm follow-up study after cervical laminoplasty. [4] [5] [6] [7] [8] [9] [10] The length of the follow-up in the current study is the longest among all the reports regarding the surgical results of cervical laminoplasty. The follow-up rate in the current study was 68.5%, which is quite high, we believe. This high follow-up rate was based on the survey at more than 10 years follow-up in our previous work. 10 In the present study, the average age of the survivors was 77.2 years and the average follow-up length was 25.5 years. This is a few years younger than the average life span in Japanese people. In the recent public data, which were published in 2013, the average life span in Japanese people was noted as 80.21 years for men and 86.61 years for women. Even in the patients who died during the follow-up period, the average age of the death was 78.2 years. The average length from cervical laminoplasty to the death was 13.4 years. The cause of the death was not directly related to neurological impairment due to cervical myelopathy. These results indicate that the patients receiving cervical laminoplasty can expect to have a long life after surgery.
The JOA score was maintained up to 10 years after cervical laminoplasty, but it was decreased at the final follow-up of more than 20 years. The results in the present study revealed that 47.7% of the patients had a worsened JOA score of more than 2 points. The causes of the deterioration were divided into two categories: spinal factor and nonspinal factor. Disuse syndrome including dementia and cerebrovascular attack were in the nonspinal factor. These causes were related to brain damage. Knee joint disease was caused by osteoarthritis, which is an aging problem. The nonspinal factors seemed to be unavoidable. In contrast, spine diseases that required additional operation were in the spinal factor category. Patients with cervical myelopathy due to CS generally have a narrow spinal canal, not only in the cervical spine but also in the thoracic and 
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All values are presented as the mean AE standard deviation.
CS indicates cervical spondylosis; JOA, Japanese Orthopaedic Association; NA, not applicable; OPLL, ossification of the posterior longitudinal ligament.
lumbar spine. Some patients have been reported to have pan spinal stenosis and/or developmental stenosis. 15 Regarding patients with OPLL, we have reported that more than half of the patients with cervical OPLL had coexisting OPLL in the thoracic and lumbar spine based on multidetector CT findings. 16 Taken together, we recommend the total spinal analysis in patients having laminoplasty due to cervical myelopathy. The total spinal analysis might be effective for the prevention of progressive neurological deterioration at the early stage during follow-up after cervical laminoplasty.
In our method of en bloc cervical laminoplasty, no patient had a significant amount of laminae closure. In contrast, Matsumoto et al reported that laminar closure was observed in 23 out of 69 patients having expansive open-door laminoplasty (Hirabayashi method) and the recovery rate tended to decline in the closure group compared with the nonclosure group in the 6.2 years of follow-up on average. 17 In our method, we place the bone from the spinous process at the open gap and this procedure must be effective to prevent the laminar closure. Thus, we agree with the opinion of Matsumoto et al that the utilization of lamina retention bone or a device should be considered to prevent laminar closure. The current study, however, revealed that progression of ossified lesions at the level adjacent to laminoplasty caused newly developed neurological deterioration, especially in the patients with OPLL. Our previous study demonstrated that more than 70% of the patients with OPLL had progression of OPLL more than 10 years after cervical laminopalsty. [18] [19] [20] OPLL is characterized by replacement of the ligamentous tissue by ectopic new bone formation and progressive disease. Therefore, we must pay special attention to the progression of OPLL during the long-term follow-up after laminoplasty.
There have been several postoperative problems regarding cervical laminoplasty, such as postoperative C5 palsy, [21] [22] [23] [24] axial symptoms, [25] [26] [27] [28] and reduced range of motion of the neck. 10, 26 The current study, however, revealed that not many patients complained of these symptoms in the long-term follow-up. It has been reported that postoperative C5 palsy showed spontaneous recovery in several months after laminoplasty. Here, although several patients still had axial symptoms and felt limited neck motion, these symptoms did not seem to become chief complaints at the long-term follow-up. The axial symptoms and limited neck motion might be related to postoperative laminar fusion which was shown in the radiological study. These symptoms might be gradually reduced, or the patients might accept them as the inevitable slight sequelae in the long-term period after surgery. In our previous article, we proposed several preventive measures against postoperative axial symptoms. 29 We recommended early neck exercise and it was effective. Thus, we must pay attention to the symptoms and take preventive measures for the unfavorable complications.
Cervical alignment becomes kyphotic after cervical laminoplasty. This fact was pointed out in several previous studies. 10, 30 The current study also demonstrated that cervical angle became kyphotic at the last follow-up. In our procedure of en bloc cervical laminoplasty, the extensor muscles of the cervical spine are removed from the spinous process. It might be speculated that the detachment of the muscles reduces the force to maintain the neck alignment lordotic, resulting in kyphotic cervical alignment. Cervical alignment is important for the decompression of the spinal cord. Lordotic alignment is beneficial for posterior decompression which can be achieved by cervical laminoplasty. There are no definite preventive measures against postoperative kyphotic change of the cervical alignment after surgery. The postoperative multilevel laminar fusion, which was found in most patients, might, however, prevent the progression of cervical kyphosis after cervical laminoplasty.
The present study has several limitations. First is the rate of the follow-up. The follow-up rate was 68% in the current study. Although the rate seems to be high at more than 20 years follow-up, we were unable to contact 68 patients. In our previous study showing the surgical outcome at more than 10 years follow-up, the follow-up rate was 95% (126/ 133). We did not have any data in the patients who were lost to follow-up. Second is the lack of the information regarding the timing of JOA score deterioration. There were 31 patients who had a deteriorated JOA score during the follow-up. Among the causes of deterioration, disuse syndrome and knee joint disease are considered to be in the nonspinal factor category. It was difficult to judge when the deterioration occurred in these diseases. Third, in the present study we could not make any statement regarding the superiority of en bloc laminoplasty, the expansive opendoor type, against the double-door type by splitting spinous process and against laminectomy with fusion procedure, as the study merely showed the long-term surgical outcome of en bloc cervical laminoplasty. There are several articles describing the comparison of surgical outcome of the open-door and the double-door cervical laminoplasty. [31] [32] [33] [34] [35] [36] This controversy as to which procedure provides a better surgical outcome remains unresolved. Furthermore, a recent systematic review was conducted to determine the effectiveness and safety of cervical laminoplasty versus laminectomy and fusion for the treatment of cervical myelopathy. The previous review concluded that there is low-quality evidence that suggested that laminoplasty and laminectomy and fusion procedures are similarly effective. 37, 38 To date, the evidence regarding whether one procedure is more effective and safer is insufficient.
In conclusion, a long-term follow-up of more than 20 years after en bloc cervical laminoplasty was carried out. In 47.7% of the patients, the JOA scores worsened during the follow-up period. The causes of the deterioration were divided into spinal factors and nonspinal factors. As the patients who showed a worsened JOA score had additional spinal operations, the total spinal analysis is recommended. Spine surgeons must be aware that patients have a long postoperative lifetime when cervical laminoplasty is performed and thus, a long postoperative follow-up should be carried out.
Key Points
The present study was conducted to evaluate clinical outcomes and to clarify the potential risks of cervical laminoplasty by a long-term follow-up of more than 20 years in 216 patients. There were 68 surviving patients, 80 patients have already died and we were unable to contact 68 patients. In 49.2% of the patients, the JOA scores worsened during the follow-up period and the patients in the worsening group had additional spinal operations. Spine surgeons must be aware that patients have a long postoperative lifetime when cervical laminoplasty is performed.
